More recently, Dienes and Weinberger (1951) commented that the L form of Proteus appeared to be the growth of the bacterium without its usual hard outer membrane, or what would today be called the cell wall. These early morphological observations were confirmed by immunological studies, when it was demonstrated that the groupspecific polysaccharide was absent from the L forms of group A streptococci (Sharp, Hijmans, and Dienes, 1957) . Considered in the light of MIcCarty's (1952) earlier demonstration that the group-specific polysaccharide was a significant component of the bacterial cell wall and did not occur in other structural components, the observation that the streptococcal L form lacked this material provided clear-cut chemical and immunological evidence of a major structural alteration occurring in the process of transformation to the L form.
media, and this resistance is not due to penicillinase. The minimal reproductive unit is small, probably in the neighborhood of 0.2 to 0.3 u in size. When grown on artificial media, both PPLO and L forms of bacteria tend to imbed into the agar, a phenomenon almost never seen with bacteria. Many L forms and some PPLO show a marked preference for growth on a solid medium rather than in liquid. Along with the difficulty of finding appropriate conditions for their cultivation, we infer that many of these organisms grown under the best of circumstances must have a considerably longer generation time than do bacteria. Finally, one of the most characteristic features of this group of agents is the unusual degree of fragility and pliability of all elements of PPLO and L form cultures. Although comments regarding their unusual plasticity predate Nowak's (1929) report, his graphic description of the elements in a culture of PPLO as appearing like thick liquid protoplasm emphasized this property.
More recently, Dienes and Weinberger (1951) commented that the L form of Proteus appeared to be the growth of the bacterium without its usual hard outer membrane, or what would today be called the cell wall. These early morphological observations were confirmed by immunological studies, when it was demonstrated that the groupspecific polysaccharide was absent from the L forms of group A streptococci (Sharp, Hijmans, and Dienes, 1957) . Considered in the light of MIcCarty's (1952) earlier demonstration that the group-specific polysaccharide was a significant component of the bacterial cell wall and did not occur in other structural components, the observation that the streptococcal L form lacked this material provided clear-cut chemical and immunological evidence of a major structural alteration occurring in the process of transformation to the L form.
Attention was then turned to the Proteus L 692 on August 30, 2017 by guest http://jb.asm.org/ Downloaded from form, and it was demonstrated that somatic antigen was present in the L form to a significant extent, but reduced in amount when compared with the bacterial form (Sharp and Dienes, 1959) . To determine the significance of this observation, bacterial organisms were fragmented and seIparated into cell-wall and cytoplasmic fractions by differential centrifugation. Approximately 50 C of the total somatic antigen was found in the cytoplasm and about 50 % in the cell wall. Since it was not clear whether the occurrence of such a large amount of somatic antigen in the bacterial cytoplasm represented fragmentation of the cell wall during preparation, the occurrence of soluble antigen within the cytoplasm, or the presence of somatic antigen in a structure closely related to both the cell wall and cytoplasm, such as a cytoplasmic membrane, the observation of significant amounts of somatic antigen in the bacterial L forms did not allow inferences as to the type of chemical alteration associated with transformation to the L form.
Studies were then directed to a survey of amino sugars in bacteria and in bacterial L forms. Salton (1953) and Cummins and Harris (1956) demonstrated that amino sugars were concentrated to a significant extent in bacterial cell walls. Strange and Powell (1954) discovered the unusual amino sugar, muramic acid, and this material was demonstrated to be a structural component of the cell wall. Muramic acid also was found in a nucleotide fraction (Park and Strominger, 1957) and was shown to increase in amount when the bacteria were inhibited by penicillin (Park and Johnson, 1949 Bacterial forms of P. vulgaris and S. aureus were grown with aeration in either nutrient broth or Field's (1956) (Gardell, 1953) . Fractions were collected (1 or 3 ml, depending on which size column was used). After a flow of 200 to 250 ml for the small column and 600 to 700 ml for the large column, 4 N HCl was used to elute remaining amino sugars. Amino sugar was measured on a sample from every second or third fraction by a modified Elson and Morgan procedure (Immers and Vasseur, 1950) .
Paper chromatography was performed by a descending technique for unidimensional runs. The solvents are noted in the Results. Ninhydrin degradation in some instances was carried out on paper by the two-dimensional technique (Stoffyn and Jeanloz, 1954) . In other instances, ninhydrin degradation was carried out in sealed capillary tubes, and the product was applied to paper for unidimensional development (Stoffyn and Jeanloz, 1954) .
Amino sugars were acetylated for chromatographic identification by the procedure outlined by Roseman and Daffner (1956) . RESULTS P. vulgaris bacterialform. Glucosamine, galactosamine, and muramic acid were recovered from P. vulgaris (bacterial form) and identified. In addition, a fourth component reacting in the Elson and Morgan procedure was eluted with 4 N HCl but not identified. Glucosamine and galactosamine were found in both the acid-soluble extract and the insoluble residue. Muramic acid was found only in the residue, as was the component eluted with 4 N HCl. Figure la is an elution diagram showing the results of column chromatography on the hydrolysate obtained from 332 mg of the acid-insoluble residue of the Proteus bacteria. The first distinct peak, A, appeared after approximately 40 ml of effluent. This material was thought to be incompletely hydrolyzed material, because it did not move as rapidly as known monosaccharides and amino sugars on paper chromatography.
After approximately 90 ml of eluting fluid were collected, a sharp peak, B, appeared which was glucosamine. On the descending limb of this second peak, the color product in the Elson and Morgan reaction had a greater optical density at 510 than at 530 m,u in two collections. This is shown by the points identified by dots in region C. After this, a third peak, D, appeared at approxi- (Fig. 6 and 7) . Peak D from this column was identified as galactosamine by ninhydrin degradation (Fig. 8) .
These studies demonstrated glucosamine and galactosamine in the acid-insoluble residue of the Proteus L form. Muramic acid and galactosamine were identified in the acid-soluble extract, and glucosamine was probably present, although attempts at identification were not made. The component eluted by 4 N HCl from the column loaded with bacterial residue was also present in the L-form residue.
Other experiments designed to recover mu- 1, dialyzed against water; 2, 3, and 4, dialyzed against NaCl and water. Extract 2 was a total amino sugar; extract 4 was applied directly to Amberlite. Extract 3 gave paper chromatography results similar to muramic acid in two solvent systems.
f Trichloroacetic acid-soluble extract; dialyzed against NaCl and water.
g Applied directly to Amberlite.
and of labile phosphorus. In another experiment in which the acid-soluble extract was treated with 80% ethanol, absorption spectra in ultraviolet wavelengths from 240 to 280 my were determined. The acid-soluble, ethanol-soluble portion had a definite peak at 260 m,u, whereas the ethanol-insoluble fraction had none (Table 3) . Other L forms and PPLO. After observations on the Proteus L form indicated that an acidsoluble fraction contained muramic acid, streptococcal and staphylococcal L forms were studied in a similar fashion (Table 4) . Material showing color reversal in the Elson and Morgan procedure and an RF on Dowex-50 (H+) between 1.03 and 1.06 (RF of glucosamine equals 1) appeared in the acid-insoluble residue of bacterial forms of both streptococci and staphylococci. A similar material was also found in the acid-soluble extract of the staphylococcus. No such material was found in either L form, and it was concluded that these L forms did not contain muramic acid.
Two PPLO strains were studied, and no evidence of muramic acid was found in these.
Galactosamine was found in the acid-soluble extract of a streptococcus and in the streptococcal L form, but was not found in the acid-insoluble residue of either form of the organism. No galactosamine was found in either of the two PPLO strains studied. The component present in 4 N HCl eluates of the Proteus was also found in the acid-insoluble residue of all other organisms studied. aA 27-g (wet weight) amount of Proteus vulgaris 18 L form was extracted in iced 0.6 N trichloroacetic acid. Residue was 1.944 g (dry weight). After dialysis against 0.15 M NaCl and water successively, dry weight of extract was 23.7 mg; 13.9 mg of this extract were soluble in 80% ethanol.
b "Muramic acid" is the total amino sugar not retained by Amberlite IR 120 (pH 6.05).
c Labile phosphorus was that fraction of total phosphorus hydrolyzed by heating sample in a boiling-water bath for 10 min in 1 N HCl.
d Total phosphorus was phosphate determined in sample hydrolyzed for 2.5 hr in a sand bath at 160 C with an initial concentration of 6 N H2SO4 . Digest was clarified by addition of 1 to 2 drops of HNO3. molecule sufficiently large to be nondialyzable. Additional studies to determine whether this component in the Proteus L form is a portion of the membrane structure would be of considerable interest. The presence of muramic acid in a soluble component within the cytoplasm would be entirely compatible with the thesis proposed by Park and Strominger (1957) and Strominger (1962) that incorporation of the muramic acid-peptide complex into the cellular structure is blocked by penicillin. On the other hand, if muramic acid were found in the Proteus L membrane, this would constitute strong evidence that some chemical alteration other than prevention of incorporation of the muramic acid component was responsible for the altered morphology of the Proteus L form.
